The Chilean salmonid industry was developed by importing breeding materials, a practice still in effect due to deficits in the national supply of roe. Importation of breeding materials is often associated with the transmission of pathogens. The objectives of this study were to compare the infectious pancreatic necrosis virus (IPNV) isolates from Chile to those of European origin and to determine the diversity of the Chilean IPNV. The VP2 genes of IPNV from Chilean fish (whose eggs originated from Scotland, Iceland and Norway) were compared to isolates from fish in Norway and Ireland. The results show that the isolates are identical (97-99 %) and cluster into one genogroup. Our findings support previous reports of association between the trade-in breeding materials and transmission of pathogens. Furthermore, our results demonstrate the genotypic diversity of Chilean IPNV isolates. These findings have important implications for IPNV disease diagnosis and control in Chile.
Over the past 25 years, the Chilean salmon industry has risen from an experimental production system to the second largest producer in the world (Barton & Floysand, 2010) . All salmonids in Chile are exotic since they have been imported from either North America or Europe. Until the recent restrictions, the Chilean aquaculture industry has been importing eyed eggs to supplement local production (Gajardo & Laikre, 2003; Homad-Hamam, 2009; Katz, 2006) . The trade-in breeding materials risk transmitting infectious agents. For infectious salmon anemia virus, phylogenetic analyses of genetic sequences have been used to link Chilean outbreaks with a Norwegian origin (Kibenge et al., 2009; Vike et al., 2009) . For infectious pancreatic necrosis virus (IPNV) as well, similar studies were used to link a Chilean isolate with the North American source (Espinoza et al., 1985) . However, reports that document the presence of European geno-or serotypes in Chile are absent despite the imports of roe from the region. IPN remains one of the most important viral diseases and knowledge of the virus' diversity is essential for disease diagnosis and control (Barin et al., 2000) .
IPNV is a prototype species of the genus Aquabirnavirus in the family Birnaviridae (Brown, 1986) . The virus is unenveloped and has a bi-segmented genome consisting of dsRNA, with one segment (A) encoding four viral proteins namely structural proteins VP2 and VP3; and non-structural proteins VP4 and VP5 (Cohen et al., 1973; Dobos, 1995; Duncan et al., 1987) . The second segment (B) encodes VP1, an RNA-dependent RNA polymerase, present also as a genome-associated protein (Duncan et al., 1991).
Classification of the virus and the related aquatic birnaviruses was initially by three reference serotypes namely VR-299, Sp and Ab on the basis of cross-neutralization tests (Macdonald & Gower, 1981; Okamoto et al., 1983) . However, because of the high degree of antigenic diversity among isolates and also problems in establishing standardized serological classifications, the viruses were later reclassified into two serogroups A and B by using a more standardized scheme applied to almost 200 isolates (Hill & Way, 1995) . Serogroup A consists of nine serotypes: West Buxton (WB), Sp, Ab, He, Te, Canada (Can.) 1, Can. 2, Can. 3 and Jasper. These serotypes are also designated A 1 -A 9 , respectively. Serogroup B comprises only one serotype Tv-1 (B 1 ) from the UK (Hill & Way, 1995) . The original reference serotypes Sp and Ab were reclassified into types A 2 and A 3 of serogroup A, respectively, while VR-299 was reassigned to WB (A 1 ). More recently, Blake and coworkers have used nucleotide and deduced amino acid sequences of segment A or the entire VP2 gene to group IPNV into six genogroups (Blake et al., 2001) . Not surprisingly, good agreement between serological grouping and genogrouping was found, with serogroups A3, A2 and A4 corresponding with genogroups 3, 5 and 6, respectively; A1 and A9 with genogroup 1; A7 and A8 with genogroup 2; A5 and A6 with genogroup 4 (Blake et al., 2001) .
The purpose of this study was to determine whether there was a relationship between Chilean and European IPNV isolates and also to get a snapshot of the diversity of the IPNV population in Chile. The only report that describes the genotype of IPNV in Chile dates back to 1985 and identifies it as a North American serotype (Espinoza et al., 1985) . The approach used in the present study was that of Blake et al. (2001) where the entire VP2 gene was examined. The VP2 gene encodes the capsid protein of the virus, which is responsible for the virulence and also contains all neutralizing epitopes (Frost et al., 1995; Heppell et al., 1995; Santi et al., 2004; Song et al., 2005) .
The samples were collected from head kidney tissues of Atlantic salmon (Salmo salar L.) parr during fresh water outbreaks (Chileans isolates). The affected fish had been imported as eyed eggs from Scotland, Iceland and Norway in 1999 and were at different locations ( (Roberts & Pearson, 2005) . Samples collected were head kidney tissues of Atlantic salmon at the point of sea water transfer from a single farm. No disease outbreaks were associated with the Irish samples.
For virus isolation, Chinook salmon embryo 214 (CHSE-214) or Rainbow Trout Gonad 2 (RTG-2) cells were used. The choice of cells was based purely on the availability, and in our hands none of these cells induce virus mutations within two passages (Song et al., 2005) . The cells were maintained in L15 medium supplemented with 5 (CHSE) or 10 % (RTG-2) FBS, 2 % L-glutamine and 50 ml gentamicin ml
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. For maintenance, the cells were kept at 20 u C, while a temperature of 15 u C was used when infected with IPNV. Tissue samples were weighed, placed Table 1 . Sources of sample materials of IPNV All samples from Chile were collected during outbreaks in parr kept in brackish water. Norwegian samples were from outbreaks of fry in fresh water, while Irish samples were from apparently healthy fish in fresh water just before transfer to sea. Passage numbers 72 and 80 (82*) were used for virus re-isolation in RTG-2 and CHSE cells, respectively. in stomacher bags (Stomacher Lab Systems) and immersed in 10 times (w/v) cell culture medium (as described above) but without FBS. Homogenization was done by using a stomacher (IUL Instrument) for 2 min following which the supernatant was clarified by centrifugation at 1204 g for 10 min at 4 u C. The homogenate was then inoculated at dilutions of 1 : 20 and 1 : 220 (in medium without FBS) into about 80 % confluent cells grown in 24-well plates until full cytopathic effect. The virus was recovered by harvesting the supernatant and confirmed by sequencing of PCR products.
Viral RNA isolation kit (Qiagen) was used according to the manufacturer's instructions to isolate the virus RNA. The primers Asp1-24F (59-GGAAAGAGAGTTTCAACGTTAG-TG-39) and Asp-1696R (59-GGACTCCAGCCTGTTCTT-GAG-39) were used in a PCR to amplify the VP2 gene in a One-Step RT-PCR kit (Qiagen) reaction. The PCR products were then separated by using 1 % agarose gel electrophoresis and extracted using the gel electrophoresis kit (Qiagen). MWG Biotech was used for sequencing of PCR products using primers A-sp59F (59-TCTCCGTC-GATGGCGAAAG-39), A-sp500F (59-GAGTCACAGTCCT-GAATC-39) and A-sp1689R (59-AGCCTGTTCTTGAGG-GCTC-39). The sequence data were analysed using Vector NTI software (Invitrogen) and SDSC biology workbench (University of Illinois, USA).
Ten Chilean, 17 Norwegian and four Irish IPNV isolates were recovered from the samples after the first or second passage on either CHSE-214 or RTG-2 cells. RT-PCR was then used to amplify the VP2 gene followed by sequencing. The nucleotide sequences (116-1625) and their corresponding deduced amino acid sequences (1-502) were deposited in the NCBI database (see Table 1 for accession numbers). Amino acid sequences were aligned by using the MUSCLE program (Edgar, 2004) , while a phylogenetic tree was constructed by using the UPGMA method (Sneath & Sokal, 1973) with 1000 bootstrap replications using the MEGA program (Tamura et al., 2007) . Previously published sequences of three Canadian (Can. 1-3, GenBank accession nos AF342732-AF342734), Jasper (GenBank accession no. M18049), WB (GenBank accession no. AF078668), N1 (GenBank accession no. D00701) and NVI-015 (GenBank accession no. AY379740) sequences were also included in the analysis for comparison.
The results show that overall, the Chilean isolates were identical to and clustered with the Norwegian and Irish isolates into one genogroup (Fig. 1) closely related to the N1 reference sequence and NVI-015 (97-99 %). In contrast, all the North American reference sequences were more distant (Can. 1 88-90 %, Can. 2 90-91 %, Can. 3 90-91 %, Jasper 88-89 % and WB 88-89 %). All isolates used in the present study belong to one genogroup equivalent to genogroup 5 proposed by Blake et al. (2001) and are therefore consistent with the Sp serotype.
The variation between Chilean IPNV isolates was only by 1 % identity, the most divergent being C-5 and C-10 ( Fig.   1 ). This difference coincided with amino acid residue 217 (Table 2) , which forms part of the virulence motif (Santi et al., 2004) . In this position, C-5 and C-10 had a threonine instead of a proline. The sequences of IPNV isolated from fish whose eggs originated from Scotland and Iceland (Table 1) were very similar to those of IPNV from Ireland (99 % identity). For IPNV from Chilean fish originating from Norway, the identity with Norwegian isolates was 98-99 %. Common to most Chilean isolates (8/10) and all Irish isolates was the presence of an alanine at position 247, although the Irish isolates had in addition, asparagine instead of a valine at position 252 (Table 2 ). Only two Chilean isolates (C-5 and C-10) had a threonine at position 247. Interestingly, both of the Chilean isolates from fish whose eggs originated from Norway had a unique residue at position 119 that was not present in the Norwegian isolates (Table 2 ). Between the Irish isolates, the sequences were very similar (98-99 %), with I-1 being slightly more divergent than the others. Compared with isolates from different locations, the combination of amino acids A 247 and N 252 gave the Irish isolates a unique signature (Table 2) .
Of the isolates examined from the three countries, the Norwegian ones were the most diverse, with a maximum difference of 3 % identity. This is not surprising since salmonid fish farming is biggest in Norway and the majority of the isolates in this study were Norwegian. For these isolates, a threonine was more frequent (12/17) than an alanine at residue 247 (Table 2 ). Isolates N-136, N-137 and N-138 were the most divergent, with at least a different amino acid at positions 252, 282, 319 and 500, in addition to 247 compared with the others.
The most significant finding of this study is the similarity and clustering of Chilean isolates examined in this study together with Norwegian and Irish isolates. This is, to the best of our knowledge, the first report describing the presence of European-like IPNV isolates in Chile. Chilean isolates were more identical to the Norwegian and Irish isolates and also to the previously published Norwegian-N1 reference strain (Håvarstein et al., 1990) than to their North American counterparts (Fig. 1) . All isolates clustered into one genogroup equivalent to genogroup 5 proposed by Blake et al. (2001) . Until now, there has only been one report that details the genotypes of IPNV found in Chile, whereby the isolate identified was reported to be indistinguishable from the North American isolate VR-299, prompting the authors to conclude that IPNV in Chile was introduced from that continent (Espinoza et al., 1985) . Our findings and also the presence of other recently deposited sequences in GenBank (accession nos. ACS88074-ACS88080) suggest that there has been an introduction of different strains of IPNV in Chile over the years and support the view of trade-associated transmission of infectious agents (Kibenge et al., 2009; Vike et al., 2009) .
The presence of the original Chilean isolate identical to VR-299 (Espinoza et al., 1985) and a similar amino acid sequence in GenBank (ACY35988) on one hand, and our findings of isolates with Sp serotype on the other suggest that the diversity of IPNV in Chile has increased. For the isolates examined in this study alone, viruses with high (T 217 A 221 ) and low (P 217 T 221 ) virulence motifs were found. It has been shown that differences in virus genotypes, specifically amino acid residues 217, 221 and 247 of the VP2 gene of the Sp serotype, have an influence on ensuing adaptive response if used in a vaccine (Munang'andu et al., 2007) . Consequently, this affects the level of protection of the fish against homologous or heterologous challenge. Furthermore, the effect of vaccinating fish with the Sp serotype and challenging them with the WB, or vice-versa, is not known in any detail. The virulence characteristics of WB strains of IPNV have also not been elucidated. These studies should be undertaken and additionally, a map of the IPNV genotypes or serotypes in Chile is envisaged.
The close identity between the Irish isolates and the Norwegian ones is not surprising given that the Irish isolates are believed to have spread from Scotland (Roberts & Pearson, 2005) . The Scottish isolates are of the Sp serotype, similar to the Norwegian isolates. Noteworthy, however, is the combination of amino acid residues 247 The sequences were compared by using the UPGMA method (Sneath & Sokal, 1973) . The percentage of replicate trees in which the associated taxa clustered together in the bootstrap test (1000 replicates) are shown next to the branches (Felsenstein, 1985) for values of 50 and above. The evolutionary distances were computed using the Poisson correction method (Zuckerkandl & Pauling, 1965) .
and 252 ( Table 2 ) that gave them a unique identity and the I 199 T mutations of Chilean isolates from fish whose eggs originated from Norway. In this study, it has not been verified whether any of these residues are associated with geographical adaptation or whether this is the consensus of the master sequence as no IPNV isolation from the parent fish stock was done. The fact that most mutations associated with geographical locations occur in residues comprising the virulence motif suggests that these mutations occur as adaptations to the fitness platform.
The results of this study show that Norwegian IPNV exist as a genetically diverse pool. As the isolates were from different farms along the coast, the finding of one consensus sequence per site suggests that 'household' genotypes exist for IPNV. Like other RNA viruses, IPNV exist as quasispecies that are prone to mutations during replication, owing to the lack of proof reading capacity of their polymerases (Domingo et al., 1998) . The mechanisms by which this occurs in IPNV has not been studied in detail, thus very little can be said about how these household strains are orchestrated.
In conclusion, the findings presented here support the view that the transfer of breeding materials is associated with the transmission of pathogens. For vertically transmitted pathogens like IPNV albeit not conclusively demonstrated in Atlantic salmon, the anticipation is that this is the most likely route. However, attention also needs to be paid to the role that can be played by horizontal transmission given that some of these pathogens are ubiquitous. The presence of European genotypes, in addition to the previously reported North American VR-299 isolate in Chile demonstrates that the IPNV pool has increased and possess a challenge for the control of IPNV in the aquaculture industry. Duncan, R., Nagy, E., Krell, P. J. & Dobos, P. (1987) . Synthesis of the infectious pancreatic necrosis virus polyprotein, detection of a virusencoded protease, and fine structure mapping of genome segment A coding regions. J Virol 61, 3655-3664.
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